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INTERSPECIFIC HYBRIDIZATION IN 
EASTERN ELYMUS 


GrorGcE L. CHuRcH 


AMoNG the diagnostic features of the genus Elymus, the 
structure of the glumes presents a rather perplexing series of 
variations. The first part of this paper deals with an analysis 
of associated stands of EH. Wiegandii Fern. and E. riparius 
Wiegand in New England that reveals, not only variant forms 
with unusually indurated and setaceous glumes, but certain 
morphological and cytological features that are useful in the 
detection of rare stands of both species in Ontario, Minnesota 
and Wisconsin, considerably beyond their presently recognized 
range (Fernald 1950). 

Furthermore, in the western Great Lakes area, the exceptional, 
mid-western representatives of the above eastern species ap- 
parently have been easily confused with members of the £. 
interruptus (of recent authors; not Buckley) complex, a series 
of forms in which the glumes show extensive reduction from a 
nearly flat to a very setaceous condition. Accordingly, a 
second part of this paper is devoted to a preliminary study of 
E. interruptus in Minnesota and adjacent areas. Due to a 
lumping of these taxa with those of more southern range (Chase 
1950), however, it is necessary first to present an analysis of 
E. interruptus Buckl. and the related EL. canadensis L. v. brachy- 
stachys (Scribn. & Ball) Farwell of Texas. In this complex, an 
independent development of setaceous glumes has been effected 
in experimental hybrids, a phenomenon that suggests a parallel 
to the occurrence of setaceous glumes in northern #. interruptus. 
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It will be shown, however, that to date there appears to be no 
sound basis for the merger of the two taxa. 


EK. WIEGANDIE X E. RIPARIUS IN NEw ENGLAND 


In New England, #. Wiegandii and FE. riparius often grow 
in the same area along shady, alluvial banks, such as those of 
the Connecticut River and Lake Champlain drainage systems, 
where a part of the present study has been focused. Typical 
E. Wiegandii grows in erect clumps, averaging one and a half 
meters in height and can be identified readily by the pendent 
appearance of the rather loosely organized spikes that are lax 
from the time of emergence from the leaf sheaths. Drying 
and mounting often obscures this distinctive character of the 
spikes and gives them an arched or flexuous appearance that is 
common to many variations of H. canadensis L. or E. riparius. 
Later development may or may not produce a well exserted 
condition. In specimens that appear to intergrade, an average 
palea length of 11—12(15) mm. will serve to separate EL. Wiegandiz 
from EF. canadensis, which has an average palea length of (9) 
10-11 mm. The thin-textured, relatively wide (1.5-2.0 cm.) 
leaves of EH. Wviegandii are equally distinct. Narrow-leaved 
forms gave rise to more typical wide-leaved plants when the 
seed was grown in well fertilized and limed soil. 

The fact that the glumes of H. Wiegandzi are commonly rather 
constricted and indurated at the base hardly ever obscures the 
striations in this area. On the other hand, the glume bases of 
E. riparius are terete and unstriated, while those of #. canadensis 
are never appreciably indurated but are striated their entire 
length. Nevertheless, the existence of forms with characters 
intermediate between those of typical species may be encoun- 
tered. 

In the alder thickets along the banks of Otter Creek in Rut- 
land County, Vermont, a small population of atypical H. W7e- 
gandi 2261! has been found. The specimens have the usual 


1 All accession numbers without designation refer to the author’s specimens on file 
in the Brown University Herbarium (BRU). Specimens on file elsewhere are indi- 
cated by numbers followed by the herbarium abbreviations established by Lanjouw 
(1939). Specimens raised from seed kindly supplied by Dr. W. G. Dore of Ottawa 
or Dr. N. C. Fassett of Madison carry these collectors’ original numbers and are on 
file at Brown. ‘The author also wishes to express his appreciation to the curators of 
the herbaria in the Universities of Minnesota and Wisconsin and the Smithsonian 
Institution for the loan of specimens, 
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pendent spikes but are intermediate in other characters between 
typical BE. Wiegandii 2263 and EL. riparius 2262 from the same 
station, as shown in the following table;— 


E. WinGanpitr KE. RIPARIUS 
2263 2261 2262 

Average height 120 cm. 100 cm. 90 cm. 
Number of nodes 9 a 6 
Middle leaf width 14-18 mm. 10-12 mm. 8-10 mm. 
Florets per spikelet 5-6 2-3 2 
Glume base sl. indurate, indurate, indurate, 

striate rarely striate non-striate 
Palea length in basal floret 11.5-12 mm. 10-10.5mm. 7-7.5 mm. 
Shrivelled pollen 40% 80-100% 10% 


Although there is some genetical imbalance noted in all 
populations, it would seem as though the very high pollen 
sterility in 2261 is correlated with the intermediate characters 
and indicates a probable hybrid origin. The determination of 
the precise path of hybridity is by no means easy, however, 
since other species available for intercrossing include the com- 
mon £. virginicus L. and the less frequent EH. canadensis of the 
same area. The rarity of the latter species at this station seems 
to be explained by its preference for more open terrain. 

An experimental program, aimed at learning something of 
the interrelationships of the eastern species of Hlymus through 
the production of interspecific hybrids has been in progress 
for three years. Hybrids, with varying degrees of success, 
have been obtained between all four of the above mentioned 
species. In most cases, the Fi is completely sterile and attempts 
at back crossing have met with failure. In a few instances, 
however, F;’s have been obtained from a very meager seed set 
in the F,. Bagging experiments have indicated that selfing 
does not cut down more than 10-20 per cent on seed setting in 
the parental forms. Furthermore, anthers are found frequently 
in a shedding state completely inside the florets as the caryopsis 
develops, a fact which again indicates selfing. Since all of the 
species of Hlymus concerned are tetraploid (2n = 28), it is 
reasonable to suppose that many genes are present in quadrupli- 
cate and that a certain amount of heterozygosity would not 
result in complete sterility. As a matter of fact, very few of 
the hybrids obtained show a lack of affinity between more than 
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three or four pairs of chromosomes out of a total of fourteen 
pairs in the pollen mother cells. In other words, L. Wiegandz1, 
riparius, virginicus and canadensis have at least one genome and 
varying parts of another in common. This conclusion is based 
on the results of crosses of parental forms both adjacent and 
widely separated in the range. It is difficult, therefore, to 
determine a precise pattern of interrelationship. 

Attempts at crossing H. Wiegandit and E. riparius were 
particularly successful in producing hybrids approaching the 
natural intermediate 2261, however, when pistillate #. Wve- 
gandit 2216, from the banks of the West River in Windham 
County, Vermont, was pollinated with EF. riparius 2249 from 
thickets along the Winooski River to the north in Chittenden 
County. Several dozen seedlings were obtained, two thirds 
of which possessed a heavy anthocyan pigmentation and even- 
tually died. The surviving green forms have narrow leaves, 
two florets per spikelet, paleas averaging 8.5 mm. in length and 
glumes strongly indurated at the base. Spikes are typically 
pendent. Although one plant is still alive, all maturing off- 
spring are sterile. The reciprocals resemble FE. riparius very 
closely but were quite late in producing spikes. In fact, several 
plants never developed beyond the vegetative stage. It is 
evident, then, that H. Wiegandii and E. riparius may give rise 
to hybrid populations, although no F,’s or backcrosses have been 
obtained. 

In EL. Wiegandit 2263 from Otter Creek, however, an ap- 
parently unique chromosome behavior was observed in the course 
of making the preliminary cytological survey for the hybridiza- 
tion program (Vilkomerson 1950). An examination of material 
from many other stations to date has revealed one or two and 
often six or seven pairs of chromosomes with their ends pre- 
maturely directed toward the poles in the first and sometimes 
the second meiotic divisions. Variation in the number of pairs 
involved has been noted particularly in strains from Windham 
County, Vermont 2216, Franklin County, Mass. 2200, and Coos 
County, N. H. 2226. In some of the above cases, the points 
of spindle fiber attachment appear subterminal as well as ter- 
minal. In all instances, the attachment points that are distal 
to the usual median or near median position are termed neo- 
centromeres. 
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As would be expected in the case of the highly sterile strain 
2261 from Otter Creek, varying degrees of lagging chromosomes, 
bridges and rings at anaphase, and micronuclei in the quartets 
were found in many, though not all, of the pollen mother cells. 
The characteristic neocentric pairs of chromosomes were always 
present in addition to the configurations due to hybridity. 

In the light of the above discovery, it was suspected that 
the neocentric chromosomes could be used as a cytological 
marker to identify the presence of the ‘‘Wiegandii genome’’ in 
hybrids in which this species was employed as the staminate 
parent. This assumption was demonstrated to be correct, 
not only in crosses with FE. riparius, but with E. canadensis or 
E. virginicus employed in each case as the pistillate parent. 


E. WIrGANDII AND E. RIPARIUS IN THE GREAT LAKES AREA 


When a study of Elymus in the Minnesota area was begun, 
the cytological marker proved to be very useful as an aid in 
the identification of strains of H. Wiegand that appear to 
intergrade with other species or occur considerably beyond their 
present recognized range. The test was first applied to material 
from Fort Francis in the Rainy Lake area of southwestern 
Ontario, at the Minnesota border, where it was found growing 
close to typical H. canadensis. The collector, Dr. W. G. Dore 
of the Canadian Department of Agriculture, identified it as 
E. interruptus Buckl., Dore 9175 OTB., and very kindly sent 
herbarium specimens and seeds to the writer. The plants 
grown in the greenhouse as well as those in the outdoor plots 
at Brown University have pendent spikes, leaves 10-12 mm. 
wide, glume bases indurate and usually striate, four florets per 
spikelet, and paleas 9.5-10 mm. long. Neocentric chromosomes 
appear consistently at meiosis and hence it is evident that the 
Fort Francis stand is #. Wiegandii. Its presence along the 
Canadian border, nearly a thousand miles west of the range as 
stated in Gray’s Manual, is supported by another rare occurrence 
in Cook County, Minnesota, reported by Butters and Abbe 
(1953). 

A cross of E. Wiegandii, Dore 9175, and E. virginicus, Mul- 
ligan & Forsyth 282 OTB., from Carleton County, Ontario, 
revealed the same inheritance of neocentric chromosomes as 
in crosses involving eastern strains. 
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Specimens of “atypical canadensis” collected by Dr. N. C. 
Fassett, 28971-72 WIS., in northwestern Grant County, Wis- 
consin, yielded seeds that gave rise to typical #. Wiegandiz, 
including characteristic neocentric chromosomes, in the Brown 
University plot. As far as herbarium specimens indicate, this 
species apparently occurs also in Chippewa County, Davis, 
no number WIS., and Eau Claire County, Kunz 356 WIS. 

Although the distinct features of EH. Wiegandii were clearly 
delineated by Fernald (1933), it is not recognized in the Manual 
of Grasses (Chase 1950). With material at their disposal, 
Booher and Tryon (1948) could not separate this species from 
E. canadensis in Minnesota. In view of the above evidence, 
however, the occurrence of E. Wiegandii in both Minnesota 
and Wisconsin seems definitely established. 

E. riparius, like E. Wiegandii, is also a rare species in the 
western part of the Great Lakes area. It is not listed from 
Minnesota by Booher and Tryon (1948), although a few scat- 
tered stations occur in Wisconsin (Fassett 1951) in addition to 
one in northern Illinois (Steyermark 1953). Eastward from 
Indiana (Deam 1940), it is rather frequent. 

Apparently the first record of EH. riparius in Minnesota is 
the writer’s collection in Nerstrand Woods, Rice County, 2362— 
66. These specimens have uniformly narrow, indurated glume 
bases, paleas 7.5-8.0 mm. long, and straight awns, as in the 
eastern representatives. The habitat is the frequently over- 
flooded banks of a shallow brook in a mixed woodland. The 
writer has identified an equally rare stand on steep, wooded, 
limestone cliffs in Grant County, southwestern Wisconsin, 2370. 

The fact that these scattered, outpost stations of both #&. 
Wiegandi and EL. riparius have been overlooked in the western 
part of the Great Lakes area until recently is due probably 
to their being identified as part of the widespread series of forms 
with setaceous and often reduced awns in central and northern 
Minnesota, as mentioned earlier. This series has been inter- 
preted as H. interruptus Buckl. in the Manual of Grasses (Chase 
1950), a treatment which is followed in the eighth edition of 
Gray’s Manual (Fernald 1950). A comparative study of 
specimens from both Texas and Minnesota, however, will 
indicate the lack of affinity between these two taxa and the need 
for a further inquiry into their relationships. 
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Tue E. INTERRUPTUS-CANADENSIS COMPLEX IN TEXAS 


The type locality of EH. interruptus (Buckley 1862) is Llano 
County, Texas. Seed collected in this area, through the kind- 
ness of Dr. W. V. Brown of the University of Texas, has pro- 
duced a series of populations, all of which appear as variations 
within or closely allied to the #. canadensis complex in the state. 
These forms are quite distinct from all the northern representa- 
tives of EH. canadensis growing at Providence in their earlier 
attainment of anthesis of a month to six weeks. They are 
usually shorter and the awns are not reflexed, even at maturity. 

E. canadensis L. v. brachystachys (Scribn. & Ball) Farwell 
is represented by several strains, 1026-29, which average about 
80 cm. in height and have spikes 10 cm. long. Glumes may be 
more or less indurated at the base and vary in width from 
0.5-1.0 mm., with the widest part in the middle of the length. 
Strains have been selected which have lemmas that are glabrous, 
glaucous or hirsute. There is also frequent though inconstant 
occurrence of three instead of the usual two spikelets per node. 
A seed collection from a station near Palo Duro Canyon in 
Randall County, over 400 miles northwest in the Panhandle, 
gave rise to plants that do not differ from Llano County material 
except in the glumes, which are flat and striate at the base 
and have a width of 1.0-1.5 mm. There arose from this popu- 
lation, however, a strain 1030, that differs from all others in 
reaching often 1.5 m. in height, 25 cm. in length of spike and 
having always three spikelets per node. The glumes average 
1.8 mm. in width. Except for the much earlier time of anthesis, 
there is a general resemblance to vigorous northern forms. 
Crosses between late blooming individuals of 1030 and northern 
E. canadensis were a failure, however. 

E. interruptus Buckl. is represented in the Llano County 
populations by a strain, 1040, that has the appearance of a 
small form of EF. canadensis v. brachystachys in averaging 60 
em.inheight. It is reasonably distinct also in the longer distance 
of 0.9-1.0 em. between nodes on the spike and the narrow (0.2 
mm.), essentially setaceous glumes. Except for the glaucous 
lemmas, 1040 does not differ materially from cotype specimens 
of HE. Pringlei Scribn. & Merr., 731015 US., from Hidalgo, 
Mexico. Furthermore, Llano County specimens of EH. znter- 
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ruptus, 1019510 US., that bear the notation “identical with 
type” and have glumes 0.5 mm. wide, are intermediate in this 
feature between EH. interruptus 1040 and E. canadensis v. bra- 
chystachys 1026-29. As far as general habit is concerned, all 
of these southern taxa appear to belong to a single species 
complex. 

Another seed collection of E. interruptus, 1041, from a station 
along the Pedernales River, some 50 miles south of the Llano 
County stand, gave rise to plants that exhibited considerable 
variation from glabrous to glaucous or hirsute lemmas and from 
0.3-0.9 mm. in width of glumes. Furthermore, the glumes are 
without any bulge in the center as in EL. canadensis v. brachy- 
stachys. When spikes exhibiting five different combinations 
of the above characters were bagged, only 6-10 per cent seed 
was set. An exceptional strain with glabrous lemmas and 
glumes 0.7-1.0 mm. in width yielded 22 per cent seed. (For 
calculation purposes, two seeds per spikelet is considered a 
normal yield.) Only this latter strain continued vigorous growth 
for three years. It appears, then, that the variability and 
vigor of the original population 1041 is maintained, in marked 
degree, by the interbreeding of its members. 


Hysrips or Hystrix WITH THE 
E. INTERRUPTUS-CANADENSIS COMPLEX 


In view of the fact that Booher and Tryon (1948) have im- 
plied that the setaceous type of glume in populations of so- 
called EH. interruptus in Minnesota has arisen through the natural 
crossing of H. canadensis and the usually glumeless genus Hystriz, 
the writer attempted some breeding experiments to test such 
a hypothesis for the origin of HL. interruptus in Texas. A survey 
of all the strains of EH. interruptus or E. canadensis v. brachy- 
stachys under study has revealed no meiotic irregularity or 
significant pollen sterility. 

Since the range of Hystrix does not quite reach Texas, it 
was decided to use material available in Providence County, 
Rhode Island, which is H. patula Moench v. Bigeloviana (Fern.) 
Deam, 2302. This northern variety is useful in crossing experi- 
ments since the pubescence of the lemmas is readily transmitted 
through the staminate parent. The glaucous lemmas and wide 
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(1 mm. at center) glumes with indurated and striated bases of 
strain 1029 of E. canadensis v. brachystachys furnished ideal 
contrasting characters in the pistillate parent. Seed set in 
the cross was fairly high at 19 per cent. The F, inherits the 
spreading condition of the mature spikelets as well as the pu- 
bescence of the lemmas of Hystrix. The glumes are very seta- 
ceous and irregular in length. The few surviving plants are 
completely sterile. Reciprocal crosses were failures. 

More successful was a cross in which selected plants of £. 
interruptus 1041 were pollinated with Hystrix 2302. Half of 
the F; has slightly hirtellous lemmas and the glumes are seta- 
ceous and occasionally reduced to stubs. These plants yielded 
8 per cent seed. The other half of the F, has glumes 0.3-0.5 
mm. wide and the seed set was 50 per cent. Ali of the F, plants 
are vigorous and have glumes in the same width range of 0.3- 
0.6 mm. It would appear, then, that a population has been 
formed in which the glumes are not setaceous as in the more 
typical E. interruptus 1040, but through the acquisition of some 
genes from Hystriz, are narrower on the average than the glumes 
of parental £. interruptus 1041. Attempts at crossing typical 
E. interruptus 1040 and Hystrix 2302, however, met with failure. 

No hybrids were obtained between the vigorous E. canadensis 
v. brachystachys 1030 and Hystrix 2302. In a cross of pistillate 
Hystric 2301 from Maryland with Elymus 1030, a few plants 
were obtained with rather distorted spikes, all of which exhibited 
a great variety of glumes from those 0.5 mm. wide down to 
minute bristles. Examination of young anthers revealed several 
lagging univalent chromosomes at meiosis and much shrivelled 
pollen. 

Although it is possible to hybridize Hystrix and members of 
the E. canadensis—interruptus complex in Texas, it appears 
that the cross is made with difficulty. Progeny with very 
setaceous glumes obtained so far have been sterile. It is con- 
ceivable, however, that populations of H. interruptus, with 
narrow but not quite setaceous glumes as in 1041, represent forms 
that have been established after backcrossing of Klymus-Hystrix 
hybrids to either parent. 

The question next arises whether or not setaceous or even 
reduced glumes could appear in the progeny resulting from 
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crosses within the EH. canadensis—interruptus complex but not 
directly involving Hystriz. Typical E. canadensis v. brachy- 
stachys 1028 was crossed with both strains of E. interruptus. 
Only those crosses with H. canadensis as the pistillate parent 
produced any seed. Out of a total of 400 florets, 14 rather 
shrivelled seeds were obtained. Two plants from the cross 
involving 1041 as the staminate parent survived and these 
have flat glumes. 

In striking contrast to the very low degree of affinity between 
the above strains is the success of the cross between the vigorous, 
wide-glumed strain 1030 of H. canadensis v. brachystachys and 
staminate EL. interruptus 1040 with narrow to setaceous glumes. 
Although many seeds were shrivelled, 53 were formed in 65 
florets. From a progeny of 26 seedlings, 20 vigorous plants 
matured, all with flat glumes, but much narrower (0.5-1.0 mm.) 
than those of the pistillate parent (1.0-1.5 mm.). Sterility 
ran high, but 7 seeds were obtained from 730 florets. The 
F, was composed of plants equally as vigorous as the F; but 
possessing setaceous glumes of irregular length. The reciprocal 
cross produced an F; more intermediate in glume width although 
completely sterile. Unfortunately, the F, setaceous segregates 
are also sterile. 


To what extent the above experiments indicate that £. 
interruptus Buckl. in Texas is a product of a series of crosses 
between EH. canadensis v. brachystachys and some strain of 
Hystrix, it is difficult to state. Most crosses reach a sterility 
barrier in the first generation. Since there are no outstanding 
meiotic irregularities involved, the barrier consists of relatively 
few genes. It is of particular significance to note further that 
populations of Hlymus with reduced glumes may arise inde- 
pendently of Hystrix as a direct parent and that the degree of 
reduction to setae, as in the cross of 1030 and 1040, exceeds 
anything yet observed in Texas plants. In fact, the glumes of 
this hybrid population are similar to those that are encountered 
in so-called H. interruptus of Minnesota. The similarity is due 
to a case of parallel development, however, since the northern 
and southern taxa appear to the author to be unrelated if the 
wide differences in time of bloom and habit of growth as well 
as genetic barriers are considered. 
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E. INTERRUPTUS IN MINNESOTA 


In a survey of E£. interruptus in the North, one is impressed 
by the similarity of plants from Wyoming and the Dakotas to 
those plants with very reduced glumes in northern Minnesota. 
Representatives from the type locality of HE. diversiglumis 
(Scribner and Ball 1900) in Crook County of northeastern 
Wyoming, 1019960, 64973 US., or from Bottineau County, 
North Dakota, 1019513 US., are definitely part of the Min- 
nesota complex. In fact, collections from Pembina County, 
North Dakota, 253470 MIN., adjacent to the Minnesota border, 
exhibit a reduction of many of the glumes from setae to mere 
stubs. Such extreme forms are found not infrequently as 
scattered individuals in the moist, mixed hardwood forests of 
north central Minnesota. 

As Booher and Tryon (1948) have shown, specimens may be 
encountered with very narrow but not completely setaceous 
glumes which appear to grade directly into forms of EL. canadensis. 
The writer found this relationship to be true particularly in 
mixed populations bordering the western edge of Mille Lacs 
Lake in east central Minnesota. Plants with glumes more than 
0.5 mm. wide and paleas over one cm. long appear to be insepar- 
able from robust forms of H. canadensis. Until more information 
about the relationships of the latter species is available, however, 
it seems desirable to continue to refer to the populations with 
very narrow or setaceous glumes in the Great Lakes area as 
E. interruptus of recent authors but not Buckley. 

Seed collections from forty clones were made in the fall of 
1951 from Mille Lacs, Aitken, Crow Wing, Hubbard, Clearwater, 
Becker and Ottertail Counties in Minnesota. The progeny 
are represented by apparently healthy plants in the Brown 
University experimental plots, but to date only half of these 
have produced spikes. All types of glumes from setaceous to 
very reduced are represented. Palea length, a character that 
has proven reliable in separating many species, overlaps that 
of E. canadensis. Although the evidence at hand indicates that 
each form breeds true, yet several clones which arose from 
spikes showing great variation in glume structure still remain 
in a vegetative condition. No meiotic irregularities or ap- 
preciable pollen sterility have been noted in any of the plants 
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examined. By way of contrast, it is noteworthy that many 
apparently stable forms of E. canadensis in the Connecticut 
River Valley of New England reveal meiotic irregularities in 
about 5 per cent of the pollen mother cells. 

Attempts at crossing H. canadensis and Hystrix patula from 
northern areas in the hope of obtaining progeny with setaceous 
glumes have met with failure thus far. One certain barrier to 
natural crossing of these two genera is the fact that Hystrizx 
comes to anthesis four to six weeks earlier. Furthermore, an 
examination of specimens from many parts of the range will 
reveal the fact that although this latter genus is usually charac- 
terized by a complete lack of glumes, occasionally stubs or even 
setae of varying length may occur. Plants from Rice County, 
Minnesota, 2368, have setae of varying length at every node of 
the spikes, but are typical in every other character. The 
station is roughly 100 miles from any stand of E. interruptus 
known to the writer. Specimens from Davidson County, 
Tennessee, 1021371-2, 1161614 US., also exhibit glume variations 
from long setae to stubs. The herbarium sheet record in- 
dicates that these specimens have at one time been identified 
as EH. interruptus, but the present writer feels that they are 
definitely forms of Hystrix patula. Incidentally, this elimination 
of Tennessee from the distribution map of EF. interruptus as 
published in the Manual of Grasses (Chase 1950) will show a 
clearer geographic separation of the northern and southern 
taxa, in support of other data presented earlier on this point. 

It is significant, then, that Hystrix with variable glumes may 
exist many miles away from stands of Elymus. In contrast, 
Hystrix patula, 2306, from a stand adjacent to that of EH. inter- 
ruptus, 2305, along the north boundary of Itasca Park, Min- 
nesota, 1s consistently lacking in glumes. If Hystrix is studied 
from its entire range, it can be deduced that the unusual oc- 
currence of setaceous glumes is a variation not necessarily 
linked to hybridization with Elymus. Indeed, the writer’s 
data showing the early failure of seedlings in hybrids between 
Hystrix patula and both E. canadensis and E. virginicus from 
northern populations would seem to indicate the presence of 
strong genetic barriers between these two genera, although 
probably only slightly greater than barriers between some species 
of Elymus per se. 
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The problem of the origin of E. interruptus in Minnesota is 
not simple, as the above attempts at solution indicate. The 
continuing genetic analysis of the clones available to the writer 
may still yield information concerning a connection with Hystriz. 
It seems equally possible, however, that gene combinations 
controlling increased induration and setaceousness of the glumes 
can arise in populations of Hlymus not in contact with Hystrix 
at all. Such is the case, at least, in the previously mentioned 
instance of EH. Wiegandii and EF. riparius in Vermont and of 
E. canadensis 1030 and E. interruptus 1040 in Texas. 

All of the eastern species of Elymus, except E. villosus Muhl., 
have been found to produce interspecific hybrids with varying 
degrees of success. It is quite possible, therefore, that the 
‘gene pool” of Elymus may be tapped by chance through several 
different paths of interspecific hybridization to bring about 
reduction of the glumes, as.the foregoing experiments indicate. 
DEPARTMENT OF BOTANY, BROWN UNIVERSITY. 


LITERATURE CITED 


Boouer, L. E. anp R. M. Tryon. 1948. A Study of Elymus in Minnesota. 
Rhodora 50: 80-91. 

Buckx.ey, 8. B. 1862. Elymus interruptus. Acad. Nat. Sci. Phila. Proc. 
1862: 99. 

Burters, Frep K. anD Ernest C. ABBr. 1953. A Floristic Study of Cook 
County, Northeastern Minnesota. Rhodora 55: 116-154. 

Cuasre, AGNES. 1950. Manual of Grasses of the United States. Revised 
ed. U.S.D.A. Mise. Publ. 200. pp. 1051. 

Dram, Cuaries C. 1940. Flora of Indiana. Indianapolis. pp. 1236. 

Fasserr, Norman C. 1951. Grasses of Wisconsin. Univ. Wis. Press. 

5 less 

mart M. L. 1933. Types of some American species of Elymus. Rho- 

dora 35: 187-198. 
—, 1950. Gray’s Manual of Botany. Sth ed. pp. 1632. 

Lansouw, J. 1939. On the standardization of herbarium abbreviations, 
Chr. Bot. 5: 142-150. 

Scripner, F. Lamson AND Carteron R. Baxi. 1901. Elymus diversi- 
glumis. U.S.D.A. Div. Agrost. Bul. 24: 48. 

AND Eimer D. Merrivy. 1901. Elymus Pringlei. U.S.D.A. 
Div. Agrost. Bul. 24: 30. 

SrryerMarkK, Junian A. 1953. Elymus riparius in Illinois. Rhodora 55: 
156. 

Vitxomerson, Hitpa. 1950. The Unusual Meiotic Behavior of Elymus 
Wiegandii. Experimental Cell Res. 1: 534-542. 


198 Rhodora [Vou. 56 


SYNOPSIS OF HELIANTHUS GIGANTEUS L. 
AND RELATED SPECIES 


Rospert W. Lone, JR. 


Tus report is based upon a recently completed investigation 
of the perennial sunflower Helianthus giganteus L. and mor- 
phologically related species (Long, 1954). Since it will be some 
time before the entire work is published, a synopsis of the revised 
taxonomy of the group seems desirable. 

Simply stated, this section (tentatively called, the “giganteus 
section”’) of the genus includes those perennial sunflowers that 
are characterized by lanceolate leaves, the uppermost alternate 
and not conspicuously three-veined, with showy heads and 
narrow, attenuate phyllaries. Components of this group are 
widely distributed over North America, including practically 
all of the United States. The largest number of species is 
found in the western part of the Great Lakes region. They 
are frequently encountered as weeds in the fall flora of many 
states.} 


1. H. Nurratui Torrey anv Gray, FI. N. A. 2: 324. 1842. 


KEY TO SUBSPECIES 
A. Leaves 1.0-2.5 cm. wide, generally 10.0-15.0 cm. long; margins entire, 
obscurely serrate, or serrulate; phyllaries 1.0—-1.2 em. long; uppermost 
leaves reduced, linear-lanceolate; Nebraska, South Dakota to Alberta, 
south to Nevada, and Colorado. A. Nuttalliz, ssp. Nuttallat 1a. 

AA. Leaves 2.5-4.0 em. wide, generally 12.0-20.0 cm. long; margins often 
distinetly serrate; uppermost leaves not greatly reduced, lanceolate; 
phyllaries mostly 1.0-1.5 em. long, variable; Colorado and Wyoming, 
Idaho, Utah, and New Mexico. H. Nuttalliz ssp. coloradensis 1b. 


la. H. Nutrauyti T. & G., ssp. NUTTALLII. 


H. giganteus, var. utahensis D. C. Eaton, Bot. King Exp. 169. 1871. 
H. californicus, var. utahensis Gray, Syn. Fl. 2: 277. 1884. 

H. fascicularis Greene, Pl. Bak. 3: 28. 1901. 

H. wahensis A. Nels., Bull. Torrey Bot. Cl. 29: 405. 1902. 


Type.—H. californicus Nutt. (not DC.). The type is presumably 
in Nuttall’s collection at the Academy of Natural Sciences of Philadelphia. 


1] am grateful, for the loan of herbarium specimens for study and comparison, te 
the directors or curators of the following herbaria: Stanford University; University of 
Georgia; Chicago Museum of Natural History; Gray Herbarium; Missouri Botanical 
Garden; University of Nebraska; Michigan State College; State College of Agriculture 
of the University of North Carolina; New York Botanical Garden; Academy of 
Natural Sciences of Philadelphia; Rocky Mountain Herbarium; University of Texas; 
and West Virginia University. 
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Ib. H. Nurratuu, ssp. coloradensis (Ckll.) Long, stat. nov. 


H. coloradensis Cockerell Proc. Biol. Soc. Washington 27:6. 1914. 

H. Parishii Gray var. coloradensis Cockerell Torreya 18: 181. 1918. 
Type.—H. coloradensis Cockerell, type 1; collected by T. D. A. Cockerell 
few miles east of Boulder, Colorado; supposedly in the U. 8. National 
Museum. 


2. H. Parisuit Gray, Proc. Am. Acad. 19: 7. 1883. 
H. californicus DC., var. Parishii (Gray) Jepson, Man. Fl. Pl. Calif. 
1923. 
Type.—S. Parish 11125, from borders of streams and wet plains, San 
Bernardino, California; in the Gray Herbarium. 


3. H. GROSSESERRATUS Martens, Sel. Sem. Hort. 
Lov. ex Linnaea XIV Litt. 133, 1839. 


KEY TO SUBSPECIES 


A. Leaves lanceolate, generally broadest near middle; margins serrate, 
teeth not exceeding 0.2—0.3 cm. long, usually more or less equal in size 
and regularly spaced; Massachusetts and New Hampshire, Wisconsin, 
Texas, and Kentucky. H. grosseserratus, ssp. grosseserratus 3a. 

AA. Leaves lanceolate-ovate, generally broadest near base; margins con- 
spicuously sharply and deeply serrate, teeth 0.3-0.6 cm. long, frequently 
unequal in size and irregularly spaced; Michigan to Minnesota, 
Nebraska, Iowa, and Texas. H. grosseserratus, ssp. maximus 3b. 


3a. H. GROSSESERRATUS Martens, ssp. GROSSESERRATUS. 


H. grosseserratus 8 Torrey and Gray, Fl. N. A. Vol. II. 1841. 

H. grosseserratus « Torrey and Gray, l. ¢. 

H. grosseserratus {. pleniflcrus Wadmond, Rhodora 34: 19. 1932. 

H. instabilis E. Watson, Papers Mich. Acad. Sci. 9: 423 Pl. 65, 1929. 
(in part, including type). 

Type: The location of the type is unknown. 


3b. H. GRossESERRATUS Martens, ssp. maximus Long, ssp. nov. 


A typo differt margine folicrum caulinorum irregulariter et profunde 


serrata, dentata 0.3-0.6 cm. 
Type.—H. C. Reynolds 2643, Preston, Richardson County, Nebraska, 
October 5, 1940. In the herbarium of the University of Nebraska. No. 


43244, 
4, H. cauirornicus DC., Prod. 5: 599. 1836. 
H. californicus var. mariposianus Gray, Synoptical Fl. N. A. Vol. I, 


Part 2. 1884. 
Type.—A collection by Douglas from California, deposited at Kew. 
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5. H. X KELLERMANI Britton, pro. sp. 
(grosseserratus  salicifolius) 
H. Kellermani Britton, Man. 994. 1901. 


Type.—W. Kellerman, collected near fairgrounds, Columbus, Ohio, 
September 5, 1898; deposited in the Gray Herbarium. 


6. H. Rypperei Britton. Man. 993. 1901. 


Type.—Rydberg 1767, Hooker County, Nebraska; in the herbarium of 
the New York Botanical Garden. A co-type is deposited in the Her- 
barium of the University of Nebraska, No. 10633. 


7. H. X divariserratus Long, hyb. nov. 


H. giganteus var. ambiguus Torrey and Gray, Fl. N. A. Il. 1841. 
(in part, excluding type) 

H. ambiguus (T. & G.) Britton, Man. 993. 1901 (in part, excluding 
type). 

Tyrr:—F. Watson 344, Danbury, Fairfield County, Connecticut, Aug. 
8, 1924; in the herbarium of Michigan State College, no. 127020. 


Stem 0.5-0.8 m. high, glabrous or with scattered hairs near the top, glaucous. 
Leaves broadly lanceolate, 6.9-10.0 em. long, maximum width near the base; 
short, distinct petioles, usually 0.5-1.0 cm. long; opposite, sometimes alternate 
near the top; tapering to apex, more rounded to base; margins obscurely to 
distinctly serrate; undersurfaces with many, short hairs; rather strongly three- 
veined. Phyllaries 1.0-1.5 em. long, variable; surfaces glabrous or puberulent; 
marginal cilia short. Heads in terminal raceme or reduced panicle. Con- 
necticut to Michigan, Indiana. In moderately dry places. 


Hybrida media inter H. grosseserratum et H. divaricatwm; caulis glabris, 
foliis oppositis, aliquatenus trinervis, cum petiolis distinctis. 


8. H. eiganteus L., Sp. Pl. 905. 1753. 


A. Leaves sessile, or with very short petioles, 0.1-0.8 em. long; under- 
surfaces with short hairs; phyllaries usually conspicuously long-ciliate, 
surfaces occasionally subglabrous; Massachusetts and Connecticut, 
Minnesota, Illinois, Delaware. H. giganteus ssp. giganteus 8a. 

AA. Leaves with petioles, commonly 0.8-1.2 em. long; undersurfaces usually 
with rather abundant, spreading hairs; phyllaries short-ciliate, surfaces 
generally short-pubescent; Delaware, West Virginia, Georgia, and 
Kentucky. H. giganteus ssp. alienus 8b. 


8a. H. GIGANTEUS L. ssp. GIGANTEUS. 


H. altissimus L., Sp. Pl. Ed. 2, 1278. 1768. 

H. virgatus Lam., Encye. 3: 85. 1789. 

H. gigas Michx., Fl. II, 141. 1803. 

H. crinitus Nutt. fide Steud., Nomen. Ed. 2, 737. 1840. 

H. tuberosus Parry, Owen, Rep. Minn. Survey 615. 1849. 

H. giganteus var. altissimus (L.) Farwell, Rept. Mich. Acad. Sci. 180. 
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ee giganteus var. oppositifolius Farwell, Rep. Mich. Acad. Sci. 17: 180. 
H. giganteus var. verticillatus Farwell, Amer. Midl. Nat. 10: 218. 1927. 
H. giganteus var. resiniferus Farwell, Amer. Midl. Nat. 10: 218. 1927. 
H. borealis EK. Watson, Pap. Mich. Acad. 9: 411, Pl. 63. 1929 (in 

part, excluding type). 

H. luxurians E. Watson, Pap. Mich. Acad. 9: 464, Pl. 85, 86. 1929 

(in part, excluding type). 

Type.—Deposited in the Linnaean Herbarium, London, England. 


8b. H. cicanreus L. ssp. alienus (Watson) Long, stat. nov. 


H. alienus Watson, Pap. Mich. Acad. Sci. 9: 406, Pl. 60. 1929. 

Type.—H. alienus E. Watson, Biltmore Herbarium, No. 2482-a, 
Missouri Botanical Garden Herbarium No. 113903; collected in moist 
soil near Biltmore, Buncombe County, North Carolina, September 12, 
1898. 


9. H. X intermedius Long, hyb. nov. 


Stem stout, with rather abundant, short, white hairs, scabrous towards top; 
variable in color, green mottled, light-red, light-brown, or yellow; often 
glaucous. Leaves lanceolate, gradually acuminate to both apex and base; 
petioles short, 0.5-1.5 em. long; margins shallowly serrate, sometimes irregu- 
larly or only obscurely toothed; lower surfaces with abundant, short hairs; 
slightly conduplicate; light-green to gray-green in color. Phyllaries variable, 
usually with short, white, marginal cilia and scattered pubescence over surface. 
Ohio and Michigan, Minnesota, south to Texas. 


Hybrida inter H. grosseserratum et H. Maximilianum, caule breve pu- 
bescentibus, foliis serratis cum petiolis brevibus, phyllartis subpubes- 
centibus. 

Type.—J/. H. Schuette 9a5670, Green Bay, Brown County, Wisconsin, 
“yailroad tracks to Murphy’s Mill,” July 20, 1896; in the Chicago Museum 
of Natural History, No. 377645. 


10. H. X LuxuRIANS Watson, pro. sp. 
(giganteus X grosseserratus) 


H. borealis E. Watson, Pap. Mich. Acad. Sci. 9: 411, Pl. 63. 1929 (Gn 
part, including type). 

H. instabilis E. Watson, Pap. Mich. Acad. Sci. 9: 423, Pl. 65. 1929 (in 
part, excluding type). 

H. luzurians E. Watson, Pap. Mich. Acad. Sci. 9: 464, Pls. 85, 86. 1929 
(in part, including type). 

H. membranaceus E. Watson, Pap. Mich. Acad. Sci. 9: 438, P1.69. 1929 
(including type). 

Type.—H. luxurians E. Watson; Watson 387, near Cedar Point, Erie 
County, Ohio; growing in wet, black muck of an open field, September 21, 
1924. Deposited in the Herbarium of Michigan State College, No. 


126951. 


202 Rhodora [Vou. 56 


11. H. Maxrmriiant Schrader, Ind. Sem. 
Hort. Gétting. 1835. 


H. subtuberosus Bourgeau, in herb. Hook., in Royal Bot. Gard. Kew, 
England. 1803. 

H. Daly Britton, Jour. N. Y. Bot. Gard. 2: 84. 1901. 

H. Maximiliani var. iubaris Lunell, Amer. Mid]. Nat. 5: 68. 1917. 

H. Maximiliani var. paniculata Farwell, Pap. Mich. Acad. Sci. 3: 107. 
1924. 

H. Maximilian f. pallidus Clute, Am. Bot. 36: 17. 1930. 

Type.—Exact location of type unknown. Watson (I. c.) believes it is 
probably in the Herbarium of the University of Gottingen, Germany. 


12. H. X FILIFORMIS Small, pro. sp. 
(Maximiliani X salicifolius) 
H. filiformis Small, Fl. 8. E. U.S. 1265. 1908. 


Type.—H. filiformis Small, Reverchon 1635, Texas; in the New York 
Botanical Garden. 


13. H. xX AmMpIcuUS PuénG., proavar 
(giganteus < divaricatus) 
H. giganteus var. ambiguus Torrey and Gray, Fl. N. A. II. 1842 (in 
part, including type). 
H. ambiguus (T.& G.) Britton, Man.993. 1901. 
Type.—H. ambiguus (T. & G.) Britton; in the Herbarium of the New 
York Botanical Garden. 


Other Possible Members of the ‘“‘Giganteus’’ Section 


The following list of names is considered to apply to popula- 
tions closely allied to the “giganteus”’ section. However, none 
has been studied sufficiently to determine its exact status or 
relationships to other sunflowers. Most of the names may 
prove to be referrable to previously described taxa. 


1. H. attenuatus Watson, Pap. Mich. Acad. Sci. 9: 416, Pl. 64, 1929. 
Type.—A. Fendler, “cult. ex. sem. New Mexico,” October 16, 1852; in 
the Herbarium of the Missouri Botanical Garden, No. 113942. 

2. H. bracteatus Watson, Pap. Mich. Acad. Sci. 9: 398, Pl. 53. 1929. 
Type.—A. Isabel Mulford 177, Logan, Utah. In the Herbarium of the 
Missouri Botanical Garden, No. 113971. 

3. H. Cusick Gray, Proc. Am. Acad. 21: 413. 1886. Type.— 
Cusick, dry hills near Malheur River, southeastern Oregon; in the Gray 
Herbarium. 

4. H. exasperatus Watson, Pap. Mich. Acad. Sci. 9: 455, Pl. 80. 1929. 
Type.—J. Schuette, Brown County, Wisconsin, September 13, 1886; 
Herbarium of Chicago Museum of Natural History, No. 377704. 
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5. H. Olwert Gray, Proc. Am. Acad. 20: 299. 1885. Type.—J. 
Oliver, Cienega, between Los Angeles and Santa Monica, California; in 
the Gray Herbarium. 

The status of H. attenuatus, H. bracteatus, and H. exasperatus is especially 
questionable. Helianthus exasperatus appears to be a hybrid, with one 
of the parents being H. gigantews—OnIo WerstEYAN UNIVERSITY 
DeLAWARE, OHIO. 
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CYPRIPEDIUM ARIETINUM R. Br. In Nova Scotra.—About 
one-quarter of a mile south of the southern end of the Went- 
worth gypsum quarries in Hants County, several clumps of 
Cypripedium arietinum R. Br. were found growing in broken 
country of gypsum sinkholes and thin poplar scrub. The 
plants were in full flower on the 24th of May, while the neighbor- 
ing Cypripedium calceolus L. var. parviflorum (Salisb.) Fern. 
was still in small bud. It is probable that the extension of 
the quarries will destroy this area within a few years. 

The present find would be merely another range extension 
of minor interest but for the fact that this is the fourth species 
to be found in these few acres of undisturbed gypsum and known 
from no other part of Nova Scotia. The others are: Viola 
canadensis L. (Roland: Flora of Nova Scotia); Dirca palustris 
L. (Erskine, J. S.: Ruopora 55: 18); Aloina rigida (Hedw.) 
Kindb., a moss collected by W. B. Schofield and the author. 
Its identity was confirmed by Dr. A. L. Andrews. The northern 
limit of all four species is roughly the same, from the north of 
Lake Superior eastward to Massachusetts, with the exception 
of an unrecorded collection of Aloina from the Hudson Bay 
region. This distribution suggests that these four species sur- 
vived just south of the Wisconsin ice-sheet and pushed north 
in a warm and favorable spell while the destroyed land was still 
unforested. Our cliff-floras, however, contain many northern 
plants which could hardly have come in from the south at this 
time. The assumption that an incomplete glaciation of Nova 
Scotia and neighboring areas existed during the late Wisconsin 
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period would fit all the facts thus far available-—J. S. Erskine, 
WOLFVILLE, NOVA SCOTIA. 


Nores on Two New Hampsuire TreEs.—Pinus Banksiana 
Lamb. is known from three stations in New Hampshire: Welch 
Mountain in Waterville on ledges near the top, Carter Ledge 
on Mt. Chocorua, and on ledges on the shore of Lake Umbagog. 
This last station is partly in Maine. In November 1953, the 
author and Alexander Lincoln Jr. explored the cliffs of Mt. 
Webster in Crawford Notch. On a steep rocky promontory 
near the top of the slides, we discovered a single tree of this 
species. The tree was approximately fifteen feet high and was 
bearing cones. No others were visible over a wide area. Rock 
slides occur here and evidently destroy vegetation at frequent 
intervals. A collection is being placed in the New England 
Botanical Club. 

Juniperus virginiana L. var crebra Fern. & Grise. is found in 
pastures and old fields in New Hampshire, becoming increasingly 
less common as far north as the southern slopes of the Ossipee 
Mountains in Tuftonboro. A collection from Tamworth is 
from a stand of trees in an overgrown field not far from an old 
farmhouse. ‘These trees seem to be growing in a natural way, 
but may be descendants of trees that were originally planted. 
Professor Pease has told me of a report of its occurence in Craw- 
ford Notch that he has been unable to verify. In the past 
year I have discovered three stations in northern Carroll County: 
Band M Ledge in Madison, Humphrey Ledge in Bartlett, and 
White Ledge on Mt. Stanton in Bartlett. At all of these stations 
there are precipitous cliffs from 100 to 400 feet high, with talus 
slopes at the bottom. Small specimens of the tree were found 
growing in small pockets of soil and in cracks on the steep parts 
of the cliffs, often in completely inaccessible places. In one 
case a small colony was found in the middle of large rocks that 
made up the talus slope. If the Crawford Notch report is 
correct, this plant should be searched for on the steeper ledges 
that can be found on both sides of the notch. Collections from 
the Carroll County localities are being placed in the New England 
Botanical Club.—FReperic L. STEELE, 

ST. MARY’S-IN-THE-MOUNTAINS, LITTLETON, N. H. 
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